Dithiocarbamates are synthetic molecules frequently employed as pesticides to treat a wide variety of fungal diseases in plants. Their use has increased throughout the world, being applied in large scale in several types of crops. Dithiocarbamate compounds are classified from medium to highly toxic substances, depending on their structure. 1 Zineb {[ethylenebis(dithiocarbamato)]zinc} is one of the most utilized pesticides to protect fruits and vegetables from foliar diseases, and is also employed in the protection of such products during their storage and transportation. 1 When released to the terrestrial environment, zineb adsorbs strongly to soil particles and usually does not move below to the upper layer of the soil.
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Zineb {[ethylenebis(dithiocarbamato)]zinc} is one of the most utilized pesticides to protect fruits and vegetables from foliar diseases, and is also employed in the protection of such products during their storage and transportation. 1 When released to the terrestrial environment, zineb adsorbs strongly to soil particles and usually does not move below to the upper layer of the soil.
Due to this behavior, groundwater contamination by zineb is unlikely to be reported in the literature. The bioactive half-life of zineb in the field is estimated to be 16 days, and the most common problem associated to zineb application on soils is the formation of ethylene thiourea (ETU), which is a very toxic metabolite of the pesticide. 2 Most general dithiocarbamate determinations are based on their hot acid decomposition, followed by the detection of CS2 evolved after its collection in a suitable solution. [3] [4] [5] This approach was first proposed by Clarke et al. 3 and Lowen, 4 who employed different methodologies for CS2 quantification. Afterwards, other researchers applied the same approach, just detecting the CS2 formed by several other instrumental techniques, such as head space gas chromatography, 6 differential pulse polarography, 7 Fourier-transform infrared spectrometry 8 or UV-visible spectrophotometry. [9] [10] [11] During the last ten years, direct determinations of zineb (without hot acid decomposition) have also been carried out by spectrophotometry, 12, 13 voltammetry, 14 amperometry 15 or flame atomic absorption. 16 Malik et al. 12 and Kapoor and Rao 13 carried out spectrophotometric determinations of zineb, converting the pesticide into zinc-phenylfluorone and zinc-PAR (4-(2-pyridilazo)resorcinol) complexes, respectively. Ulakhovich et al. 14 determined zineb in fruits, vegetables and aqueous samples by voltammetry after its solvent extraction with CH2Cl2, while Marty and Noguer 15 explored the inhibition effect of zineb on the aldehyde dehydrogenase enzyme for its determination by amperometry. More recently, Baena et al. 16 used a C60 fullerene column for zineb preconcentration (among other dithiocarbamate pesticides) in a flow system. After elution with a 0.2 mol l -1 HNO3 solution, the pesticide was injected in a flame AAS and the zinc was detected for quantification purposes. The aim of this work was to carry out a direct determination of zineb in commercial formulations by employing a novel strategy based on a slurry sampling technique integrated to a flow injection-flame AAS system, thus eliminating the necessity of laborious and time-consuming sample pretreatments, such as solvent extraction or hot acid decomposition of the pesticide. Moreover, the use of toxic organic solvents is avoided and the possibility of sample contamination and analyte losses is minimized. Also, the proposed procedure can be employed in routine analysis without involving the use of high-cost reagents or expensive instrumentation. 
Experimental

Apparatus
A Perkin Elmer (Norwalk, CT, USA) 3110 atomic absorption spectrometer equipped with a zinc hollow-cathode lamp was used. The instrument was connected to a Chessel (Worthing, Sussex, UK) x-y recorder and operated with a lean blue air-acetylene flame. A background correction was not needed during the measurements.
The flow-injection system was built up using a Gilson Minipuls 3 (Villiers le Bel, France) peristaltic pump, furnished with flexible Tygon tubes to propel the solutions. Both the loading and measurement steps were selected by using a Rheodyne 5041 (Cotati, CA, USA) four-way injection valve. The connections were made using fittings, unions and tees made of plastic and PEEK materials. All lines of the manifold were of polypropylene tubes with a 0.8 mm internal diameter.
All slurries analyzed were homogenized by magnetic stirring using a Fisatom (São Paulo, Brazil), Model 702 stirrer. For this same purpose, we also tested two ultrasonic baths supplied by Thornton (São Paulo, Brazil); a Model USC 700 (US1) with 15 × 14 cm dimensions and 40 kHz frequency and a Model T14 (US2) with 14 × 24 cm dimensions and the same working frequency.
Reagents and solutions
All solutions were prepared using water obtained in a Simplicity Milli-Q Water System (Millipore, Bedford, MA, USA). The chemicals and reagents were of analytical grade, except when otherwise mentioned.
A zineb stock slurry was prepared daily by dispersing an adequate amount of the pesticide (89.6%), supplied by Guinama (Valencia, Spain), in exactly 500 ml of pure water. Standard slurries of the pesticide were also prepared daily by adequate dilution of the stock slurry.
Further, 1 mol l -1 and 2 mol l -1 NH3(aq) solutions were prepared by diluting an appropriate volume of concentrated NH3(aq) (Merck, Darmstadt, Germany) in pure water.
Triton-X 100 and dimethylsulfoxide (DMSO) were supplied by Vetec (Rio de Janeiro, Brazil).
Flow diagram and procedure
A schematic diagram of the FIA system is depicted in Fig. 1 . In order to perform an analysis of zineb in commercial formulations, 40 mg of each sample was accurately weighed in a long-neck glass flask; 5 g of Triton X-100 was added along with an exactly measured volume of 200 ml of water. Afterwards, a magnetic stirrer was put into the suspension to assure its homogenization by employing a suitable agitation plate. As can be seen in Fig. 1 , at the confluence point (x) the slurry sample (1 ml min -1 ) merged with a 2 mol l -1 NH3(aq) (R1, 1 ml min -1 ) solution, forming a stream that flows directly to the mixing coil (600 µl), where the zineb was readily decomposed in the alkaline medium. The final solution filled the sample loop (L, 200 µl) and any excess was discharged, thus accomplishing the loading step.
Just after the on-line treated sample filled the sample loop, the injection valve position was changed, starting the measurement step. The carrier solution (C, 1 mol l -1 NH3(aq), 3.92 ml min -1 ) displaced the sample zone towards the instrument nebulizer. Then, the absorbance signals were continuously recorded at 213.9 nm (zinc resonance line). The peak height values were used in all calculations.
Results and Discussion
Influence of the chemical parameters
In initial tests of the system, employing a standard slurry prepared with 14.0 mg of zineb in 500 ml of water (25 µg ml -1 zineb) and water as carrier, a noticeable memory effect was observed due to the adsorption of solid particles onto the PTFE tube walls of the sample loop. This effect increased the variability of the sample measurements. In order to minimize this problem, the PTFE tubes of the manifold were replaced by polypropylene ones, which presented better performance, since lower residual signals were verified. This can be explained by the lesser porosity of the polypropylene, which considerably decreased the surface area exposed to adsorption. However, even when using polypropylene tubes the memory signals were not totally eliminated. Thus, the composition of the carrier solution was varied in order to achieve a total elimination of the memory effect. For this purpose solutions with several concentrations of NH3(aq) (0.5 to 4.0 mol l -1 ) were tested as a carrier. The obtained results are shown in Fig. 2 . These data confirm that the use of NH3(aq) solutions as a carrier makes it possible to attain total cleaning of the sample loop, due to the higher capacity of NH3(aq) solutions to decompose the adsorbed pesticide particles, thus avoiding the appearance of any residual signal in each measurement. For the methodology, a carrier solution of NH3(aq) 1 mol l -1 was chosen, since lower residual signals were observed at this concentration. Additionally, by employing a 1 mol l -1 NH3(aq) solution as a carrier, the difference between the composition of the sample and the carrier solutions was minimized, thus avoiding the appearance of any baseline noise.
The literature describes that zineb is subject to chemical breakdown (hydrolysis) in an alkaline medium, being decomposed in free zinc and other sulfur compounds. 1, 2 In this way, a study of the concentration of NH3(aq) solution (R1) employed to promote the pesticide degradation is an important parameter that could affect the sensitivity of the methodology, since the pesticide, itself, provides low absorbance signals when its aqueous slurry is directly injected into the spectrometer. The concentration of NH3(aq) solution was investigated in the range 1254 ANALYTICAL SCIENCES NOVEMBER 2002, VOL. 18 of 0.5 -4.0 mol l -1 , being included in this experiment the case in which R1 is water. A sharp increase was observed in the analytical signal when R1 was changed from water to NH3(aq) 1 mol l -1 . After this point, the signals increased only slightly, indicating that a 2.0 mol l -1 NH3(aq) solution was sufficient to ensure the total degradation of the pesticide molecule within a short period of time. This observation is consistent with the fact that the pesticide is hydrolyzed in an alkaline medium, releasing Zn(II) ions to the solution, which facilitates the atomizing process in the flame and, consequently, increases the absorbance signals. Therefore, a 2 mol l -1 NH3(aq) solution was selected for the methodology. In this experiment, the flow rates of the sample and R1 were kept constant at 1.0 ml min -1 .
Influence of FIA parameters
During system operation, hydrolysis of the pesticide takes place in a helicoidal mixing coil (MC1) positioned just after the confluence point (x). The volume of this coil controls the time of contact between the sample slurry and a 2 mol l -1 NH3(aq) solution. Thus, a study of the effect of coil volume is necessary to provide sufficient interaction between the sample and the reagent in order to achieve a total degradation of the pesticide. Coils with different volumes up to 850 µl were tested for a fixed sample and reagent flow rates (1 ml min -1 each one). In this experiment, an increase in the analytical signals was observed up to 400 µl; after this value, the signals remained constant. In order to ensure the best performance for the system, a mixing coil with 600 µl (18 s residence time) was selected for the manifold.
The effect of the carrier-solution flow rate was also investigated. This parameter was studied in the range of 2.5 ml min -1 to 5.5 ml min -1 . Higher analytical signals were observed at 3.92 ml min -1 , and this value was then selected ( Table 1) .
Studies on slurry homogenization
One of the most intense problems observed while applying the slurry sampling technique is an own lack of homogeneity, verified in the samples and standards, leading to analytical methodologies with poor precision. In order to overcome this drawback, Triton X-100 was added to samples and standards to reduce the surface tension of water and to create the best conditions to maintain the suspended solid particles.
In this experiment, a standard slurry solution of zineb (25 µg ml -1 ) was prepared containing increasing amounts of Triton X-100. Each slurry was then analyzed by employing two different ways of homogenization: (i) magnetic stirring and (ii) ultrasonic agitation. In the latter case, additionally, two ultrasonic baths were tested.
As can be seen Fig. 3a , the addition of Triton X-100 influenced the sensitivity obtained. The concentration of the surfactant was tested in the range of 0 -100 mg ml -1 , and best results were achieved at 25 mg ml -1 for all of the cases tested. When added at higher concentrations than that selected, the absorbance signals were reduced due to an excessive increasing of the slurry viscosity, which resulted in a lower aspiration rate by the spectrometer nebulizer. On the other hand, when Triton X-100 was not added to the slurry, the solid-particle deposition rate was increased, diminishing the amount of pesticide sampled for each measurement.
As expected, the precision of measurements was affected by the addition of Triton X-100. As can be seen in Fig. 3b , the lowest coefficients of variation were obtained in the presence of a surfactant, independently on the homogenization mode. This fact proves that the presence of Triton X-100 is really important to maintain the suspended solid particles, yielding a more homogeneous distribution of particles throughout the slurry, which favors the sampling process repeatability.
The homogenization mode only showed a slight influence on the analytical measurements, since the sensitivity was just 12% 1255 ANALYTICAL SCIENCES NOVEMBER 2002, VOL. 18 higher when a magnetic stirrer was employed. Additionally, no noticeable differences were verified in the precision when magnetic stirring or ultrasonic agitation modes were used.
Analytical features of the proposed methodology
The developed system was able to obtain linear calibration fits over a dynamic range of 2.5 -25.0 µg ml -1 zineb, presenting a typical equation of A = (0.245 ± 0.008)C -(0.03 ± 0.05), with a correlation coefficient of r = 0.9997. In equation, A is the peak height value, expressed in cm, and C the concentration of zineb in µg ml -1 . The limit of detection, estimated from three-times the standard deviation of ten measurements of the 2.5 µg ml -1 solution, 17 was 1.0 µg ml -1 , considering the slurry sample. The RSD assessed by twelve measurements of the same slurry was found to be 2.7%. Under optimized conditions, the sample frequency of the system was calculated to be 72 h -1 .
Applications
Different pesticide commercial formulations were analyzed by the developed FIA procedure and by an off-line solvent extraction followed by an FAAS detection procedure, taken as a reference method.
The determination of zineb in commercial samples was performed by an external calibration method, following the procedure described in the experimental section. The results obtained in such analysis are presented in Table 2 , and are compared with those obtained by the reference method. This method included the manual extraction of zineb from samples by using dimethylsulfoxide as an extraction solvent. Also, in this case, an external calibration method was employed, with the standard solutions being prepared in the same way as the samples. By applying a t-test for a confidence level of 95% it was possible to attain that there is no noticeable differences between the results obtained by FIA and reference methodologies.
Also, the same samples were spiked and incubated during one week with known amounts of the pesticide in order to carry out recovery tests in order to confirm the accuracy of the developed procedure. The results shown in Table 3 indicate that the methodology presented here is suitable to perform the determination of zineb in commercial formulations without any matrix inteference, having found recovery values from 93 to 104%.
Conclusions
The FIA system reported in this work provides a fully automated alternative for the determination of zineb in commercial formulations, employing a slurry sampling technique coupled to a flame atomic-absorption spectrometry.
In such system, the use of magnetic stirring for the homogenization of slurries can slightly improve the sensitivity of the method when compared with ultrasonic bath homogenization. On the other hand, the precision is not affected by this parameter, but only depends on the addition of an adequate amount of Triton X-100 to decrease the deposition rate of solid particles in the sample and the standard slurries.
The method described here is advantageous over others cited in the literature, since no previous sample treatment is needed, thus minimizing errors due to excessive handling of samples observed in solvent extraction or hot acid decomposition procedures. Also, the use of toxic organic solvents is avoided, thus providing an environmentally friendly methodology.
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